We describe the preparation of an in vitro translation system from a wild-type strain of Neurospora crassa. The system is capable of supporting efficient and faithful translation of native and in vitro transcribed eukaryotic messages. The translation products have minimal background and can be clearly analyzed by SDS-polyacrylamide gel electrophoresis. The method of preparation of the lysate is simple, fast and reproducible. The procedure should be readily applicable to other filamentous fungi.
Introduction
In vitro translation of mRNA in cell-free systems has become an invaluable technique in molecular biology. The most widely used commercial in vitro translation systems from eukaryotic cells are derived from wheat germ (Roberts and Paterson 1975) and rabbit reticulocytes (Pelham and Jackson 1976) . In addition, protein-synthesizing extracts of Saccharomyces cerevisiae spheroplasts (Szczesna-Skorupa and Filipowicz 1980) as well as intact cells (Hofbauer et al. 1982 ) have been described. As filamentous fungi are becoming increasingly significant in industrial and biotechnological applications, the development of an efficient in vitro translation system of fungal origin is warranted. Low genetic complexity and extensively investigated genetics (Perkins 1987) make Neurospora an ideal organism. Also several N. crassa genes have now been cloned (Fungal Genet Newsl 34:26 (1987) ). A homologous cell-free translation sysOffprint requests to: M. Devchand tern would allow studies of the mechanism and regulation of protein synthesis. A cell-free system based on extracts prepared from the cell wall-deficient ("slime") mutant of Neurospora crassa has been reported by Szczesna-Skorupa et al. (1981) . This strain offers the advantage of the complete absence of a rigid cell wall and therefore facile lysis, but since cell wall-less mutants are not available for all fungi, the method of preparing protein-synthesizing extracts is not readily applicable to other filamentous fungi. Devchand and Kapoor (1984) initially described the development of an in vitro translation system from wild-type N. crassa. However, due to a high background, attributable to the labelling of proteins in the lysate in a non-specific manner, there were difficulties in clear analysis of the translation products. We now describe a modified method of preparation of the translation system which results in absence of background and allows translation products to be easily analyzed by polyacrylamide gel electrophoresis. This method results in preparation of a highly active protein-synthesizing lysate and can be easily applied to other filamentous fungi (Devchand et al., to be published).
Materials and methods
Preparation of the cell-free lysate. Neurospora crassa wild-type (STA, FGSC No. 262) mycelium was grown in Vogel's minimum medium (Vogel 1956 ) supplemented with 1.5% sucrose for h at 28 °C. The mycelium was harvested by filtration, washed thoroughly and homogenized in Buffer A (30 mM Hepes-KOH, pH 7.4, 100 mM K acetate, 2 mM Mg acetate and 2 mM dithiothreitol; 1.5 ml/g wet cell weight) using a mortar and pestle with acid-washed sand. The homogenate was centrifuged at 23,000 g for 10 min at 4 °C and the upper two-thirds of the resulting supernatant was collected, avoiding the top lipid layer. The supernatant was made 0.1 mM in GTP and passed through a Sephadex G-25 column, equilibrated with Buffer A. Fractions, following the column void volume, with the highest absorbance at 260 rim, were pooled, frozen in liquid N 2 in aliquots and Preparation of RNA transcripts. Various mRNA species used in the translation reactions were transcribed in vitro using SP6 polymerase. Plasmid DNA (5 ~g) was transcribed with 15 U SP6 polymerase in a final volume of 100 t~l containing 40 mM Hepes-KOH, pH 7.4, 6 mM Mg acetate, 2 mM spermidine, 100 #g/ml BSA, 10 mM DTT, 10 U RNAguard (Pharmacia), 0.25 mM m7GpppA, 0.1 mM GTP and UTP, ATP, CTP (0.5 mM each) for 10 rain at 40 °C. GTP was added to a final concentration of 4 mM and the mixture was incubated for another 10 min at 40 ° C. An aliquot (2 ~1) was used in the translation reaction.
Cell-free protein synthesis. For translation of exogenously added mRNA, the N. crassa lysate was treated with an optimized volume of micrococcal nuclease (15 u/~l) in the presence of 1.2 mM CaC12 at 21 °C for 10 min. The reaction was stopped by addition of EGTA to a final concentration of 2.5 mM. This nuclease-treated lysate (20 #1) was used for protein synthesis with 1-5 t~g of RNA and optimized magnesium and potassium acetate concentrations, in a final volume of 30 ul containing 0.5 mM ATP, 0.1 mM GTP, 25 mM creatine phosphate, 10 ~g creafine phosphokinase, 70 tzM spermine, 30 #M of 19 amino acids and 2 t~l [35S] methionine (13 tzCi/t~l). Reactions were incubated at 21 °C for 60 rain. In vitro translations were also performed in the rabbit reticulocyte lysate and wheat germ systems (New England Nuclear) according to manufacturers instructions.
Immunoprecipitation of translation products. Translation products (25-30 ~zl) were diluted to 400 #1 with medium A (0.01 M sodium phosphate, pH 7.4, 0.15 M NaC1, 1% (w/v) sodium deoxycholate and 1% (v/v) Triton X-100). Anti-glucoamylase antibody, raised against A. niger glucoamylase (Sigma) in rabbits, was added and the tube was incubated at 4 °C, overnight. A 10% suspension of Pansorbin (10/~1) was added and incubation continued at 22 °C for 2 h with shaking. The precipitate, after centrifugation, was washed several times with medium A. The final precipitate was counted in 10 ml Aquasol or subjected to electrophoresis on SDS-polyacrylamide gels (Laemmli 1970) .
Results and discussion

Translation in the cell-free system
The in vitro translation system from wild-type N. crassa mycelium was prepared by disrupting the cell wall and obtaining a 23,000 g supernatant fraction which was passed through a Sephadex G-25 column to deplete amino acid pools. In our experience, addition of GTP to the lysate prior to removal of the endogenous amino acid pools, consistently resulted in the preparation of lysate with high protein synthesizing activity, possibly by maintaining a protein factor involved in initiation of translation in an active conformation. This lysate, when supplemented with an energy-regenerating system, amino acids and the appropriate salts, efficientyl translated the RNA endogenously present in the system. To degrade this RNA, the lysate was preincubated with micrococcal nuclease in the presence of Ca 2+ ions (Pelham and Jackson 1976) . Translation of endogenous RNA in the nuclease-treated lysate was minimal. As demonstrated in Fig. 1 , there is no increase in the incorporation of [aSS] methionine into acid-precipitable material over a time course of 60 rain. Also, analysis on SDS-polyacrylamide gels showed that after incubation for 60 rain at 21 °C, there was a minimal level of labelled proteins. However, when this nuclease-treated lysate was primed with total RNA, isolated from Aspergillus niger, incorporation of [ass] methionine into acid-insoluble material was observed to increase steadily for 60 rain (Fig. 1) . Analysis by SDS-polyacrylamide gel electrophoresis demonstrated that the increase in acid-precipitable material was due to new synthesis of labelled proteins. The protein profile was comparable to that obtained from translation of this RNA in the commercially available rabbit reticulocyte lysate (New England Nuclear) and a yeast lysate (Rothblatt and Meyer 1986) . Furthermore, immunopreicpitation of the translation products with anti-glucoamylase antibody also showed an increase in the level of immuno-precipitated glucoamylase (Fig. 1 ). Thus this lysate was shown to support efficient translation of added RNA.
The level of micrococcal nuclease used to degrade the endogenous RNA and thus reduce the background of the translation system was optimized. As evident from Fig. 2 (lanes 2 and 3) , even in the presence of endogenous RNA, exogenously added mRNA was found to be translated efficiently. Incubation of lysate (100 gl) with 187.5 U ofmicrococcal nuclease for 10 rain at 22 °C, efficiently reduced the background in the system (lanes 6 and 7). Use of lower levels of nuclease (less than 112.5 U/100 #1) resulted in residual background (lanes 2-5). Treatment of the lysate with the optimal level of nuclease for 20 min had no inhibitory effect on the subsequent response of the system to exogenously added RNA, Translations were carried out in the absence (lanes 1, 2, 4, 6 and 8) or in the presence of 0.5 #g total A. niger RNA (lanes 3, 5, 7 and 9). Translation reactions were analyzed by SDSpolyacrylamide gel electrophoresis (Laemmli 1970) although no further reduction in the background was observed. Ideal conditions were established to be 190 U nuclease/100 gl lysate in the presence of 1.2 mM CaC12 for 15 rain at 22 °C.
Potassium and magnesium dependence
Potassium and magnesium levels have been shown to be critical for other lysates (Hofbauer et al. 1982; Szczesna-Skorupa et al. 1981) . Optimum potassium and magnesium concentrations were determined for translation of exogenous RNA (total RNA from A. niger).
As shown in Fig. 3A , the Mg acetate requirements for optimal translation was found to be 1.75 mM. However, translation of total RNA in the presence of Mg acetate concentrations within the range of 0.8-2.0 mM also resulted in large polypeptides in the protein profile (Fig. 3C) . The K acetate optimum was found to be 50 mM (Fig. 3B, C) ; the lysate was observed to support efficient translation with the K acetate concentrations in the range of 30-100 mM (Fig. 3C) .
Translation of various mRNA species
Various mRNA transcripts, synthesized in vitro from cloned genes, were translated in the N. crassa cell-free (Fig. 4) . In some cases, additional bands of lower Mw were present, possibly due to alternate sites of initiation or termination of transcription or translation. Figure 4 illustrates that mRNA species originating from yeast (a-factor and melibiase), A. nidulans (A. nidulans alcA promoter fused to human IFN a2) and A. niger (total RNA) are translated efficiently and faithfully by the iV. crassa lysate. In the case of A. niger total RNA, large polypeptides of up to 200 kd were synthesized (Fig. 4, lane 2) . These The translation products were analyzed by SDS-polyacrylamide gel electrophoresis lysate in order to compare the efficiency of translation of fungal RNA. The RNA was translated equally efficiently in the rabbit reticulocyte and N. crassa lysates (total acid insoluble cpm = 5 x 106), while the wheat germ extract supported relatively inefficient translation (total acid insoluble cpm ~-104). Analysis by SDS-polyacrylamide gel electrophoresis allowed a comparison of the protein profiles (Fig. 5) . As evident, the wheat germ translation products (lane 1) contained only a few of the bands present in the other translation reactions. The protein profiles of the translation products of the rabbit reticulocyte (lane 2) and N. crassa (lane 3) lysates appeared to be similar, although the intensities of some of the bands differed. Most notably, the N. crassa profile showed the presence of more intense high Mw bands, indicating that these high Mw polypeptides are more efficiently synthesized in this system. Thus, the N. crassa lysate appears to translate fungal RNA for high Mw proteins more efficiently than the rabbit reticulocyte lysate. We have described a method for reproducible preparation of an active protein-synthesizing system from Neurospora crassa. The system was optimized with respect to nuclease-treatment and levels of potassium and magnesium. The optimized system was shown to support efficient and faithful translation of various RNA species, natural or in vitro transcribed. The products of translation were clearly analyzed by SDS-polyacrylamide gel electrophoresis. The overall efficiency of translation of fungal RNA was similar to the rabbit reticulocyte lysate; however, the N. crassa lysate was shown to synthesize high Mw polypeptides more efficiently. This system should be useful in studying mechanisms of translational control in filamentous fungi. This is the first description of a really usable filamentous fungal based in vitro translation system. A. niger total RNA was translated in vitro in the wheat germ extract, rabbit reticulocyte lysate and the N. crassa
